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Abstract of JP 2003102755 (A) 

PROBLEM TO BE SOLVED: To make it easy to fix 
a scaffold at an injured part. SOLUTION: A prothetic 
implant having a tissue scaffold and a fixation 
device with a scaffold support and an anchoring 
post. The anchoring post extends from a surface of 
the scaffold support at a selected angle with the 
scaffold support embedded within the scaffold. The 
scaffold has a porous ceramic phase and a porous 
polymer phase. The polymer is foamed while in 
solution that is infused in the pores of the ceramic to 
create an interphase junction of interlocked porous 
materials and embedding the scaffold support 
portion of the fixation device. The scaffold may be 
infused or coated with a variety of bioactive 
materials to induce ingrowth or to release a 
medicament. The multilayered porous scaffold can 
mimic the morphology of an injured tissue junction 
with a gradient morphology and cell composition. 
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1. Title of Invention 

COMPOSITE SCAFFOLD WITH POST ANCHOR 
FOR THE REPAIR AND REGENERATION OF TISSUE 

2 . Claims 

1 * A prosthetic implant, comprising: 
a tissue scaffold; 

a fixation device with a scaffold support and an anchoring post, 
said anchoring post extending from a surface of said scaffold support at a 
selected angle, said anchoring past insertable into a receptacle formed in tissue, 
said scaffold support embedded within said scaffold. 

2. A method for making a prosthetic implant having a tissue scaffold 
and an embedded fixation device with a scaffold support and an anchoring post, 
comprising the steps of: 

a) providing a porous ceramic body with 3 hole extending 

therethrough; 

b) providing a polymer solution; 

c) inserting the anchoring post of the fixation device through the 
hole In the ceramic body ^uch that the scaffold support contacts the ceramic 
ijody forming a first subassembly; 

d) placing tho support scaffold and the ceramic body of vie 
subassembly in contact with tho polymer solution; 

e) permitting the polymer solution to at least partially infuse into 
pore^ in the ceramic body; ' 

0 foaming the polymer solution to produce a polymer foam, the 

■ ■ ■ 

polymar foam interlocking with the ceramic body where the polymer solution was 
permitted to Infuse into the ceramic body and embodding the scaffold support 

4 

within the resulting conjoin 3d composite. 
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3 . Detailed Description of Invention 

Fiald of the Invention 

The present Invention relates generally to the field of tissue iepalr 
and more particulariy to composite scaffold implants and scaffold fixation dovicss 

- ■ 

with post-type anchors received in a hole for mod in underlying tissue. 

Background of the Invantlon 

Parous ceramic materials such as hydroxyapatite, soluble glasses 
and ceramic forms have been usad as scaffolds for the ingrowth of tissue due to 
compositional and morphological blocompatability. For example, the porosity of 
such materials promotes eel infiltration. A variety of methods are used to 
pi spare porous ceramic scaffolds (prostheses ), such as hydrothermally treating 
animal bone or eoral, burning off polymer boads mixod into a ca ramie body, 
vapor deposition on foam, Infiltration of odymer foam with a ceramic slip and 

foaming a ceramic slip. 

Ono limitation exhibited by porous ceramic materials their 
inherent brittleness. Attempts to address this limitation iiave included back-filling 
a ceramic foam with monomer solutions of PMMA or PLA, draining excess 
solution from the ceramic foam then polymerizing through curing and/or drying In 
order to impart some toughness to the ceramic foam. Others have proposed 
laminating solid or porous polymeric layers to a ceramic foam structure. 

Independent from proposed us^s in combination with ceramics, 

■ 

polymeric foams hava utility in the repair and regeneration of tissue. For 
example, amorphous, potymorio foam has been used to fill voids in bona. 
Various methods have been explorod for preparing the polymer foams, using, 
e.g.. laachables; vacuum foaming techniques; precipitated polymer gel masses; 
and polymer melts with fugitive compounds that sublime at temperatures greater 
than room temporature. The "formation of biocompatible absorbable foams by 
lyophilization Is dlscuseed In a copending patent application entitled "Porous 
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Tissue Scaffoldings for the Repair and Regenaiation of Tiisue", assigned to 
Ethicon, Inc., docket number 09/345096, filed June 30, 1999, 'hereby 
incorporated «>y reference. 

Hinsch at al. (if P0274898) descries a porous open cell foam of 
polyhydroxy acids for the in growth of blood vessels and cells. The foam can be 
reinforced with fibers, yarns, braids, knitted fabrics, scrims and the like. 

Athanasiou et al. (U.S. Patent No. 5,607,474) have proposed using 
a two-layer polymeric foam device for repairing osteochondral defects at a 
location where two dissimilar types of tissue are present. The two poiymerie 
layers are Oieoared separately, and joined together at a subsequent step. Each 
of the layers is designed to have stiffness and compressibility values that 
coi respond respectively to cartilage and bone ttesua, mimicking the 
cartilage/Done interface. However, ihe Athanasiou device exhibits an abrupt 
change in properties from one layer to die next, whereas the juncture of cartilage 
and bone displays a gradual transition, with cartilage ca3s gradually changing 
eel! morphology and orientation depending on the location relative to the 
underlying bone structure. Further, coflagan ftf>er orientation within the matrix 
also changes relative io its location in the structure. 

H. Levene et al., U.S. Patent No. 6,103,255 describes a process 
used for making a scaffold having a substantially continuous polymer phase with 
a distribution of largo and small pore sizas, with the small pores contained In the 
walls of the large pores. 

In a study done by G. Niederauer et al. and reported in 
Biomatoriafs 21 (2000) 2561. scaffold* for articular cartilage repair were 
prepared from layers of polylactic/polyglycolic acid (PLG) and 
polylactie/polyglycolic add reinforced with fibers of the sgma material, bioglass 
or calcium sulfate. The PLG layer was made porous in all cases by expanding a 
precipitated gel mass of polymer under vacuum at eJevatsd temperatures. The 
reinforced layers were made porous in a similar fashion after incorporating the 
reinforcement in the polymer solution and pricr to precipitation of the polymeric 
gel mass. Once ihe two layers were fabricated, they were adjoined using a 
small amount of solvent to glue the two layers together 



(€L 7) )03-1 027 5 5 ( P 2 0 0 3- 1 0 2 7 5 5A) 



The use of a porous polymer for the purpose of engineering 
cartilage is described in the patont by T, Mahood et al. (3P1027897A1) which 
discloses a multi-layer polymer scaffold in which the layers are attached by 
successive dip coating or by the attachment of the two layers to a third. Tho 
third layer is described as a baniar to coll diffusion, thus confining chondrocytes 
to the polymer layer and osteoblasts to the ceramic layer. 

Kreklau et al. in Bhmateriate 30 (1999) 1743 have evaluated a 
fibrous polymeric fleece attached to a porous ceramic material* far the purpose 
of cuftuiing chondrocytes In tho polymeric scaffold while simultaneously 
providing a bone formation inducing absorbable material to simulate articular 
cartilage In Uiie study, a fibrin eel-solution was us^d to affix the ceramic and 
polymeric layers by way of encapsulation with the intent that the phases would 
interact In vitro in order to create a mechanically stressable junction. The 
authors discuss iha possibility of providing ihe surfaces of the layers with teeth to 
increase shear strength. However, there Is no mechanism by which the two 
different layers are interlocked io resist dalaminating forces in directions 
perpendicular to the laminate function and iharo is an abrupt transition betwean 
the two layers. 

In addition io the limitations of iho prior art relative to ihe 
composition and morphology of tissue scaffolds, the fixation of the scaffold at the 
site of injury remains challenging. Various fixation methods have been explored, 
including press-fitting the scaffold into the dafect (which may result in slippage or 
destruction of the implanted scaffold) or suturing ti» soaffold to the periosteal 
flaps. The latter approach fs not always idaal because the gaometiy of the 
scaffold may not match that of the periosteal flaps or the flaps may hava bean 
destroyed or cannot be located* 

.11 would therefor be advsntsgaous to overcome tho above 
mentioned limitations with a scaffold that provides secure attachment to a defect 
site. 
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Summary of the InvsnCon 

The limitations of the prior art are solved by the present Invantion 
which includes a prosthetic implant having a tissue scaffold and a fixation device 
with a scaffold support and an anchoring post The anchoring pest extends from 
a surface of the scaffold support at a selected angle wltii the scaffold support 
embedded within tha scaffold. 

Detailed Description of the Invention 

This invention includes an implantable device with a scaffold 
component and a fixation component for mechanically holding the scaffold 
component In position relative to a tissus defect to be repaired. The scaffold 
component is formed around a scaffold support platform of the fixation 
component and iias a ;>orou3 biocompatible polymer layer attached to a porous 
ceramic layer via a porous transitional interface. The scaffolds are paitlcularly 
useful in the repair/regeneration of defects present ai a junction of tissue types 
exhibiting a transitional or gradient morphology/phystology such as at the 
carl ilage/b one junction. The present invention can be utilized to 
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repair/regenerate a tissue junction by Inducing one cell type to proliferate In the 
polymer phase of the scaffold and a second cell type to grow in the ceramic 
phase of the scaffold. Examples of such junction regeneiation sites are (a) 
spinal disc (nuclear and annular cells cultured on the polymer phase and 
ostaohlasts cultured in the ceramic phase); (b) articular or meniscal cartilage 
(chondrocytes or fibrochondroeytes, respectively, cultured on the polyrrar phase 
and osteoblasts cultured in the ceramic). Trie preseni invention may also be 
utilized to repair the meniscus, ffbroeartilage, tendons, and ligaments. The 
features of the porous polymer phase can be controlled to suit a desired 
application choosing the appropriate conditions during the process of 
lyophilization, or freeze drying. Tite parous polymer foam can be directly 
lyophtlized Into the ceramic structure creating a multiphasic material composed 
of a polymer foam with or without reinforcement structures, an interphase zone 
of polymer foam diffused within and interlocking with the porous ceramic, and the 
porous ceramic. A portion of the fixation component may be placed between the 
polymer and ceramic layers, which are stiucturally integrated to resist 
detachment of the scaffold component from the fixation component and/or 
daiainination of the composite scaffold under in vivo conditions. Tha implant 
may be partially or completely absorbable. 

The interphase zona exhibits a microporaus polymer foam located 
within the macropores of a porous ceramic. The interpenetration of tha two 
porous layers creates a itrong mechanical junction while simultaneously 
providing a gradual change in material properties for the purpose of regenerating 
different tissues or co-oulturing different types of calls in inornate contact with 
one another, fhe interconnecting pores and channels facilitate the transport of 
nutrient and/or invasion of celts into the scaffold, facilitating the Ingrowth of 
tissue and more closely mimicking naturally occurring tissue junctions. The 
present invention therefore facilitates cellular organization and the regeneration 
of tissue junctions with normal morphology and physiology. The composition 
end features of the scaffold 20 are described in a copending Application filed 
contemporaneously herewith, entitled, "Vorous Ceramic/Porous Polymer 
Layered Scaffolds for the Repair and Regeneration of Tissue, (Serial No. to be 
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assigned) and assigned to the present assigns such application being 
incorporated hy reference harem. 

The features of a scaffold in accordance with the present invention 
can he tailored to suit a particular application by selecting the appropriate 
ceramic, polymer and conditions for lyophiiization of the polymer to obtain one or 
more of the following probities: (1) interconnecting polymer foams attached to 
tha porous ceramic {2) a variety of porosities ranging from aoout 20% to about 
98% for the polymer foam; (3) a gradient in the pore slzo between the polymer 
and ceramic; (4) channels that run through the porous polymer foam for 
improved cell invasion, vascularization and nutriant diffusion; and (5) micro- 
paiteming of pores or the addition of other polymer structures on the surface of 
tha polymer for cellular organization ar to limit cellular invasion. 

in addition, tha scaffold ean indude (1 ) porous composites with a 
composition gradient to elicit or take advantage of different cell response to 
different materials; (2) reinforcement with knitted, braided, woven, or non-woven 
fabrics or meshes, or truss structures in order to impart desired mechanical 
properties; (3) l>lends of different polymer compositions to create a polymer 
phase that has portions that will bisak down at different rates; (4) multi-layer 
composite structures with layera of alternating porous ceramics and polymers; 
(5) a polymer ^hase co-lyophllizad or coated with pharmaceutical^ active 
compounds; (8) a caramic phase coated with pharmaceutical^ active 
compounds such as growth factors and/or (7) cells which may be cultured prior 
to or at the time of implantation. 

Referring to Figures 1 through 4, the implant 10 includes a scaffold 
component 20 and a fixation component 30 (See Figure 3). Scaffold component 
20 has polymeric phase 22 and ceiamie phase 24, which are mechanically 
interlocked at intarphqse region 26. Polymeric phase 22, ceramic phase 24 t and 
interphase region 26 preferably have pores 23, 25, 27, respectively, with an 
open cell structure. As shown in Figure 3, fixation component 30 includes 
scaffold support 32 and anchoring post 34, Though not shown in the figures, 
anchoring post 34 may feature ribs T serrations, or other surface roughness or 
engagement features that improve the attachment of anchoring post 34 to the 
implant site, e.g., a hole in bone tissue. A preferred fixation component for use 
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in the present invention is described in U.S. Patent Application Serial No. 
09/793,029, entitled, "Scaffold Fixation Device For Use In Articular Cartilage 
Repair", filed on 2/26/01 , assigned io the present assignee and which is hereby 
incorporated herein by reference. 

Tho implant 10 must hsvs stiuctural integrity to facilitate ease of 
handling in an operating room environment i.e.i scaffold component 20 and 
fixation cornponant 30 must not separate before, during, or after the surgical 
procedure. Adequate strength arid physical properties are developed in the 
implant through the selection of materials used to form the scaffold 20 and 
fixation 30 components, and the manufacturing process. 

As shown in Figures 3 and 4, the scaffold component 20 fully 
encapsulates scaffold support 32 of the fixation componant 30. This 
encapsulation serves as tha means of attaching the scaffold component 20 io 
the fixation component 30. Figure 3 shews scaffold support 32 of the fixation 
componont 30 embedded In the polymeric phase 22 with the lower surface 31 
abutting the interphase region 26. In a preferred embodiment shown in Figure 4, 
scaffold support 32 of the fixation component 30 is folly encapsulated in all throe 
components 22. 24, 26 of scaffold component 20. This is achieved by folly or 
partially countersinking scaffold support 32 in ceramic phase 24. 

The infusion of the polymeric phase 22 into the ceramic phase 24 
securely fastens the two phases 22, 24 and supports tha brittle structure of the 
porous ceramic phase 24. The polymer 22 acts ae a cushion to dissipate impact 
anorgy to shield the brittle ceramic 24 from catastrophically damaging stresses. 
In addition, the communicating pores 23 r 25 t 27 encourage the growth of 
different types of cells, promoting the regeneration of different adjoining layers of 
tissue at an injured tissua junction. 

.The pores 25 in the ceramic phase 24 are interconnected, and may 
be selected to h^ve pore sizes ranging from 25 to 600 microns, preferably from 
1 00 to 250 microns. The pores 23 in the polymeric phasa 22 are also 
interconnected and range in size from about 10 to 250 microns, preferably 30 to 
1 30 microns. The terms "micropore 1 * and "macropore* may ba used to designate 
tho two size scales of pores 23, 25 found in the scaffold 10. If the brittle ceramic 
phase 24 is cracked, the polymeric phasa 22 in the interphase region 26 holds 
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the scaffold component 20 together. The composite scaffold component 20 
facilitates the creation of a strong bond between different types of tissue such as 
in the repair and regeneration of articular cartilage, meniscus, and spinal discs, 

Ttie embedding of fixation component 30 within the seaffotd 
component 20 minimizes their combined thickness minimizing the depth of the 
hole in the tissue made to receive the implant 10 and the associated damage to 
the tissue proximate to the defect. In addition, ceramic phuse 24 of scaffold 
component 20 {in conjunetion with ihe polymeric phase 22) provides support to 
the hard tissue surrounding the implant, minimizing the likelihood of the collapse 
of hard tissue in the region of implant device 10, as well as facilitating the 
regeneration of mineralized hard tissue (bone). 

The implant device 10 may be fabricated by feeding anchoring post 
34 of fixation component 30 through a hale in ceramic piiase 28 such that 
scaffold support 32 reste on top of t or in a countersunk region of t ceramic phase 
24. This assembly it then partially introduced into a polymer-solvent system 
allowing the poiymer-solveni system to infiltrate into the porous ceramic phase. 
The polymer phase 22 is then foamed. The desired polymers may ba foamed by 
lyophilization, supercritical solvent foaming (Le., as described in EP 46416331), 
gas injection extrusion, gas injection molding or casting with an extractable 
material (i.e., salts, sugar or any other means known to those skilled in the art). 
It should be appreciated that the scaffold support 32 may have openings therein 
through which the polymer 22 may contact the ceramic 14 

K is preferred to foam the polymer 22 by lyophilization, or freeze 

m 

drying. Suitable methods for lyophillzing elastomeric polymers to form foams is 
described in the following example and in the pending U.S. patent applications 
entitled, "Process for Manufacturing Biomedical Foams", Serial No. 09/345095, 
filed June 30, 1999 and ^Porous Tissue Scaffoldings foi the Repair or 
Regeneration of Tissue", Serial No. 09/345093, filed June 30,1999, both 
assigned to Ethicon. Inc. and hereby incorporated herein by reference. 

Figure 5 illustrates a molding apparatus 50 having mold 52 and 
support brackat 54. Support bracket 54 includes a through hole 53 which is 
aligned over the well 55 of mold 52. A holder 40, having head 42 and pin 44, 
may used to hold fixation component 30. Pin 44 passes through hole 53 with 
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head 42 abutting support bracket 54. Pin 44 inserts into bore 46, holding fixation 
components 30 over the wall 55 pendulausly, by a friction fit. 

Polymer-solvent system 28 Is infused into the well 56 of mold 52, to 
a level such that polymer=solvent system 20 contests ceramic phase 24. 
Polymer-solvent system 28 is of low viscosity and wicks via capillary action into 
ceramic phase pores 25, Other methods of infiltrating include, but are not limited 
to, injecting the polymer-solvent system into the ceramic 24 under pressure and 
vacuum assisted infiltration. The orientation of fixation component 30 within the 
polymer solvent system 28 determines the orientation of the fixation component 
30 within implant 10. Although the means of aligning fixation component 30 in 
the well 55 of mold 52 indude support bracket 54 and a friction fit between 
connector pin 44 of holder 40 and fixation component 30, other means to 
accomplish the same objective should be readily apparent to one skilled in the 
art. The mold 52 can be made from any material tiiat d«3as not chemically react 
with the polymer-solvent system 28 and is ^ferably formed from a heat 

conductive material. 

The molding apparatus 50 is placed in a lyophllizer (freeze dryer), 
to undergo directional cooling through the wall of mold 52 that is In contact with 
the lyophilizer shelf, which is subjected to a thermal cycle. The heat transfer 
front moves upwards from the lyophilizer shelf thiough the mold wall into the 
polymer-soivent system 28. When tha temperature of tie polymei solution goes 
below the gelation and/or freezing point, it separates into polymer and solvent 
phases giving rise to the coll/foam structure. 

The pare morphology that results from the freezing step is m 
function of solution thermodynamics, freezing rate, temperature to which it is 
cooled, concentration of the solution, the presence of reinforcement elements, 
the presence of an adjoining layer, the occurrence of homogeneous or 
heterogeneous nucleatlon etc, Detailed descriptions of these phase separation 
phenomena ara known in the art and can be found in the references 
"Microcsllular foams via phase separation" by A. T. Young r J. Vac, Set. Techno/., 
A 4(3), May/Jun 1985; and "Thermodynamics of Formation of Porous Polymeric 
Membrane from Solutions" by 3. Matsuda. Polymer J. 23(3), (1991 ) 435. The 
lyophilization process can therefore be used to bond the polymer and ceramic 
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layers 22, 24 while simultaneously creating a composite material with the correct 

note structure to regenerate tissue. 

The porous ceramic phase 24 of the scaffold may be composed of 
mono , di- t tri-, a-tri, p-tri. and teha calcium phosphate, hydroxys patita, 
fluofoapatites. calcium sulfetes, calcium fluorides, calcium oxides, calcium 
caifconates, magnesium caJcium phosphates, bioglassas, and mixtures thereof, 
There are a number of suitable porous biocompatible ceramic materials currently 
available on the commercial maritet such as Surgibone (Unilab Surgibone. Inc., 
Canada), Endobsn (MercK Biomataiial Franco, France), Ceros (Mathys, A. G,> 
Bettlach, Switzerland), and Interpore (lnterpore, Irvine, CA, United States). 

Alternatively, the ceramic phase 14 may be in the form of a porous 
polymer matrix with inclusions of short ceramic fibers or particulates. This 
altarnative ceramic phasa 14 may be formed by conventional methods for 
working plastics, such as injection molding, with the porosity thereof provided by 
laachable inclusions, molds with pore forming pins, or drilling. 

The polymeric piiase 22 may be either a natural or synthetic 
polymer, or combinations of both. Natural biopolymers include collagen, elastin, 
alginate, ehttin, hyaluronic acid, and others. Examples of suitable synthetic 
biocompatible, bioabsorbable polymery that could be used include aliphatic 
polyesters, poly(amino adds), copolytether-asiters), polyalkylane oxalates, 
polyamldes. poly(iminocarbonates), pdyorthoasteru. polycxaesters, 
polyamidoesters, jiolyoxaesters containing amine groups, poly(anhydrides), 
polyohosphazenes, biomDlecules and Wand^ thereof. 

?ot the purpose of this invention aliphatic polyesters include but 
are not limited io homopolymers and copolymers of teetide {which includes lactic 
acid, D-.L- end meso factlde), glycolide including glycolle acid), e-caprolactone, 
p-dioxanone (1 ,4-dioxan-2-one}, tfimethylene carbonate (1,3-dioxan-2-one). alkyt 
derivatives of trimethylena carbonate, 5-valerolacione, ^-butyrolactone. y- 
butyrolactone, fi-decalaclonc, hydroxybutyrate, hydroxyvalerate, i ( 4-dtoxepan-2* 
one (including its dimsr 1 f 5,8,12-t@traoxacycloi3tradecane-7.14-dione), 1,5 
<jioxepan-2^ne, 6,6-dimethyM f 4-dIoxan-^-one, 3 t 5-diketomorpholine, 
pivalolactone, alpha, alpha-diethylpropiolactons, ethylene carhonate, ethylene 
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oxalate, S-methyl-t t 4-diaxane-2,5-dione. 3,3 diethyl-1 ( 4-dloxan-2,5-dione, 6,8- 
dioxabieycloetane-7-one and polymer blends thoreof. 

Poly(iminocaii)onates) for the purpose of this invantion include 
those dascribed by Kemnitzer and Kohn, in the Handbook of Biodegradable 
Polymers , odited by Domb, Kost and Wisemen, Hardwood Academic Press, 
1997, pages 251-272. Copoty(ether-esters) for the purpose of this invention 
include those copolyester-ethers described by Cohn and Younas J, Biomater. 
Rob., 22, (1988) 993, and Cohn, Polymer Preprints, 30(1), (1989)498. 

Polyalkyiene oxalates for the purpose of this invention include 
thosa described in US, Patent Nos. 4,208,511; 4,141,087; 4 r 130,639; 
4,140,678; 4,105.034; and 4,205,399 (incorporated by reference herein). 

PoJyphos^hazenes for the purpose of this invention include eo-, 
ter- and higher order mixed monomei based polymors made from L-lactida, D,L- 
lactide, lactic acid, gfycolide, glycolic acid, para-dioxanone. trimethylena 
carbonate and c-caprolactone those described by Alleock in The Encyclopedia of 
Polymer Sdonce . Wiley Intersciences, John Wiley & Sons, 13 (193$) 31. and by 
Vandorps, Sehacht. Dajardin and Lemmouchi in tho Handbook of Biodegradable 
Polymers , edited by Domb, Kost and Wiseman, Hardwood Academic Press, 
(1997) 161 {which are hereby incorporated by reference herein). 

Polyanhydrides for the purpose of this invention include those from 
diacids of the form HOOC-C 6 H4-0-(CH 2 )m-0-CBH4-COOH where m is an integer 
in the range of from 2 to 8 and copolymers thereof with aliphatic alpha-omega 
diacids of up tu 12 carbons. 

Polyoxaesters, polyoxaamides and polyoxaesters containing 
amines and/or amino groups fbi the purpose of this invention include those 
described in one or mora of the following U.S. Patent Nos. 5,464,929; 5,595,751; 
5.597,579; 5,607,687; 5,618,552; 5,620.698; 5,645,850; 5,648,068; 5,698,213; 
5,700,533; and 5.859,130 (which are incoiporaiod herein by refarence). 
Polyorthoesters for the purpose of this invention include those described by 
Heller in the Handbook of Biodegradable Polymers , edited by Oomb, Kost and 
Wisamen, Hardwood Academic Press, (1997), 99 (hereby Incorporated herein by 
reference). 
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Aliphatic polyesters are preferrad for making the polymei phase 22. 
Aliphatio polyesters can be homopolymors, copolymers (random, block, 
segmented, tapered blocks graft, trfaloek, eic.) having a linear, branched or star 
structure. The preferred morphology of the copolymer chains is linear. Suitable 
monomers for making aliphatic homopolymers and copolymers may be selected 
from the group consisting of. but not limited to t lactic ^cid, lactide (Including L-, 
D-, meso and D,L mixtures), glycolic add, glycolide, e-caprolactona, p dfoxanone 
(•M-dioxan^-one), trimethylene carbonate (1 ,3-dioxan-2-one), delta- 
va le ro la cton o , beta -butyra lactone, epsilan-decalactone , 2, 5-dikeiomorpi icline , 
pivalolactone, alpha, alpha-diethylpropiolacione, ethylene carbonate, ethylene 
oxalate, 3^Tiethyl-1,4-dioxane-2 f 5-dione, 3,3-diethyM ,4-dioxan-2,5-dione. 
gamma-butyralactone, 1 f 4-dioxepan-2-one, 1 ,5-dioxepan-2-one, G,5-dlmethyl~ 
dioxepan-2-one, 6,8-dloxabfcyeloctane-7-one and combinations thereof, 

Elastomeric copolymers also aio particularly useful in the present 
invention. Suitable bioabsorbabfe, biocompatible elastomers include, but are not 
limited to, thoae selected from the group consisting of elastomeric copolymers of 
e-caprolactone and glycolide (preferably having a mole ratio of e-capralaetone to 
glycolide of from about 35:65 to about 05:35, more preferably from 45:65 to 
35:65); alastomeric copolymers of e-caprolactone and l^ctkJe, including L-lactide, 
D-lactide blends theieof or lactic acid copolymers (preferably having a mole ratio 
of e-caprolactone to lactide of from about 33:65 to about 65:35 and more 
preferably from 43:55 to 30:70 or from about 95:5 to about 85:15); elastomeric 
copolymers of p-dioxanono (1 ,4-dioxan 2-one) and lactide including L-lacUde r D= 
laciide and lactic add (preferably having a mote ratio of p-dioxanone to lactide of 
from about 40:60 to about 60:40); elastomeric copolymers of e-caprolactone and 
p-dioxanone (preferably having a mole ratio of s-caprolactone to pxlioxanone of 
from about from 30:70 io about 7G:30); elasiomsrk copolymer of p-dioxancne 
and trimethylene carbonate (preferably having a moie ratio of p-dioxanone to 
trtmethylane carbonate of from about 30:70 to about 70:30); elastomeric 
copolymers of trimethylene caibonate and glycolide (preferably having a mole 
ratio of trimethylane carbonate to glycolide of from about 30:70 to about 70:30); 
elastomeric copolymer of trimsthytene carbonate and lactide including L-laciide, 
D lactide, blende thereof or lactic acid copolymers (preferably having a mole 
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ratio of trimethylsno carbonate to lactide of from about 30:70 to about 70:30); 
and blends thereof. Examples of suitable bioabsorbable elastomers ara also 
described in U.S. Patent Nos. 4,045,418, 4,057.337 and 5,468,253. all hereby 

incorporated by reference. 

In the preferred embodiments of this invention/the elastomer from 
which the foams are formed will exhibit a percent elongation greater than about 
200 percent and preferably greater thait about 500 percent. The properties thai 
determine the dogiee of alastfcity of trie ttoabsorb^ble elastomer are achieved 
while maintaining a tensile strength greater than about 500 p3i r preferably 
greater than about 1 ,000 psi, and a tear strength of greater than about 50 
lbs/inch, preferably greater than about 80 Ibs/inch. 

Tho polymer or copolymer suitable for farming the polymer phase 
22 for any particular application depends on several factors. The chemical 
composition, spatial distribution of the phases, the molecular weight of the 
polymer and the degree of crystalliniiy, all dictate to soma extent the in vitro and 
in vivo behavior of the polymer. However, the salection of the polymer to make 
foams for tissue regeneration largely deponds on (but is not limited to) the 
following factors: (a) bioabsorption (or biodegradatioii) kineties; (b) in vivo 
mechanical performance; (c) cell response to the material in ierms of cell 
attachment, proliferation, migration and differentiation and (d) biocompatibility. 

Th3 ability of ih3 polymer phase to resorb in a timely fashion in vivo 
Is critical. Trie differences In the absorption iime under in vivo conditions can 
also be the basis for combining two different copolymars. Tor example, a 
copolymer of 35:65 e-csprolactorie and glycolide (a relatively fast absorbing 
polymer) is blendad with 40:60 s-caprolactane and (L)lactide copolymer (a 
relatively slow absorbing polymer) to form a foam. Such a foam could be 
pioceased to yield sevoral different physical structures depending upon the 
technique usad. The two phasas oan be either randomly inior-conneeted 
bicontinuoua phases, or have a gradient or laminate composition with an 
integrated interface between the phase layers. The mtcrostructura of these 
foams can be optimized to regenerate or repair the desired anatomical features 
of the tissuo that is being engineered. 
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Suitable sofvsnts for the preferred absorbable aliphatic polyesters 
that will not affect the oeramio foams include but are net limited to solvents 
selected from a groim consisting of formic acid, othyl formate, acetic acid, 
hexafluoroisopropanol (HFIP),cyclic ethers (Le, THF, DMP, and PQO), acetone, 
acetates of 02 to C5 alcohol (such a§ ethyl acetate and tbutylaceiato), glyme 
(i.e. monoglyme, athyl glyme. diglyme, ethyl diglyme, triglyme. butyl diglyme and 
tetraglyme) methylethyl ketone, dipropyleneqlycol methyl ether, lactones (such 
as Y-valeroJactone, 6-valerolactone f p-butyrotaetone, y-butyrolactone) 1,4- 
dioxane, 1,3-dioxolane, 1 ,3-dlexolane-2-one (ethylene carbonate), 
dimethlycarbonate, diethylcarbonate, benzene* toluene, tenzyl alcohol, p- 
xylene, naphthalene, tetrahydrofuran, N-methyl pyrmlidone, dimethylformamide, 
chloroform. 1 ,2-dichloromethane, inorpholine, dimathyisulfcxide. 
hexafluoroacetone sesquihydrate (HFAS), anisole and mixtures thereof. Among 
these solvents, the praferred solvent is 1.4-dioxane. A homogeneous solution of 
the polymer in the solvent Is prepared using standard techniques. 

Additionally, polyrner solvent system 28 can be solidified with 
various reinforcements such as films, scrims, woven, nonwoven, knitted or 
braided textile structures incorporated therein. In addition to altering the 
mechanical properties of the polymer 22, reinforcements can be utilised: (I) to 
modify the in vitro behavior of the polymer 22, e.g., by introducing a different in 
vitro profile; (ii) a carrier for the controlled release of a drug; and (iii) as a 
carrier for Micro-Electro Mechanical Systems (MGMS). 

Solids may ba added to the polymer-solvent system 23 during the 
processing of the implant 10 to act as buffers, reinforcing materials, porosily 
modifiers, and/or radio-opaque markars to allow imaging after implantation. 
Suitable solids include, but are not limited to, particles of demineralized bone, 
calcium phosphate particles, calcium carbonate particles for bone repair, 
teachable solids for pore creation and particles of bioabsorbablo polymers not 
soluble in tha solvent system as reinforcing agents or for the creation of pores as 

they are absorbed. 

Suitable leachable solids Include but are not limited to nontoxic 
teachable materials such as salts (i.e„ sodium dilorids, potassium chloride, 
caloium chloride, sodium tartrate, sodium citrate, and the like) biocompatible 
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mono and disaceharides (i.e., gJucosa, fructose, dextrose, maltose, lactose and 
sucrose), polysaccharides (i.e., starch, alginate), water soluble proteins (La., 
gelatin and agarose) and paraffin. Generally all of these matarials will have an 
average diameter of less than about 1 mm and preferably wlH have an average 
diamoter of from about 50 to about 500 pirn. The particles will generally 
constitute from about 1 to about 50 volume percent of tho total volume of the 
particle and polymer-solvent mixture (wherein the total volume percent equals 
100 volume percent). The leachable materials can he removed by immersing 
the foam with the teachable material in a solvent in which the partfcJe is soluble 
for a sufficient amount of time to allow teaching of substantially all of the 
particles, but which does not dissolve or detrimentally alter ihe foam. The 
preferred extraction solvent is water, most preferably distilled-dekmized water. 
This process is described in U.S. Patent No. 5,514,378, hereby Incorporated 
herein by reference. Preferably the foam will be dried after tho leaching process 
fa complete si low temperature and/or vacuum dried to minimize hydrolysis of 
tho foam unless accelerated absorption of the foam is desired. 

Various proteins (including short chain peptides), growth agonts, 
chemotatlc agents and therapeutic agents (antibiotics, analgesics, anti- 
inflammatories, anti rejection (e.g. immunosuppi assents) and anticancer drugs), 
Or ceramic particles can be added to the composite scaffold 20 during 
processing cr adsorbed onto the surface or back-filled into the scaffold 20 after 
fabrication. The pores 23 of the ceramic phasa 24 and/or the poras 23 of the 
polymer 22 may partially or completely filled with biocompatible resorbable 
synthetic polymers or polymers (such as collagen or elastin) or biocompatible 
ceramic materials (such as hydraxyapatite) and combinations thereof (that may 
or may not contain materials that promote tissue growth). Suitable materials 
include but are not limited to autograft, allograft, or xenograft bone, bone 
marrow, morphogeny proteins (BMPa), epidermal growth factor (EOF), fibroblast 
growth factor (FGF), platslet derived growth factor (PDGF), insulin derived 
growth factor (IGF-1 and IQF-ll), transforming growth factors (TGF p), vascular 
endothelial growth factor (VEGF), platelet rich plasma (PRP) or other 
osteoinductive or ostaoconductive materials known in the art. The polymer fillers 
could also be conductive or chemotactie materials, or delivery vehicles for 
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growth factors. Examples would be recombinant or animal derived collagen or 
etastin or hyaluronic acid. 

3ioactlve coatings or surface treatments could also be applied to 
the surface of the implant 10, For example, bioactive peptide sequences 
(RGDs) could be applied to facilitate protein adsorption and subsequent cell 
tissuo attachment 

Therapeutic agents may also be delivered via ths implant 10. The 
polymars and blends ihat are used to foim the scaffold 20 can contain therapeutic 
agents. For example, polymer 22 would be mixod with a therapeutic agent prior to 
forming the composite scaffold 2Q or loaded Into the tcaffoid after it is formed. The 
variety of different therapeutic agents that can be u^ed in conjunction with the 
implant 1 0 of the present invention is vast. In general, therapeutic agenis which 
may be administered via the implant 10 include, without limitation: anti infectives 
such as antibioses and antiviral agents; chemothora;mitic agente (I.e. anticancer 
agents); anti-rejection agents; analgesics and analgesic combinations; anti- 
inflammatory agents; hormones such as steroids; growth factors (bone 
morphogenic proteins (Lo. 3MPs 1-7), bone moiphogsnic-like proteins (i.e. GFD- 
5, GFD-7 and Gi^D-d), epidermal growth factor (ECF), fibroblast growth factor 
(i.e. FCF 1=9), platelet derived growth factor (PDGF), insulin like giowth factor 
(IGF-J and IGF-II), transforming growth factors (Le. TGF-0 Mil), vascular 
endothelial growth factor (VEGF)); and other natuially derived or genetically 
sngineered proteins, polysaccharides, glycoproteins, or lipoproteins. These growth 
factors are described in The Cellular and Molecular Basis of Bone Formation and 
Repair by Vicki Rosen and 'A Scott Tnies, published by ;*.G. Landes Company 

hereby incorporated herein by reference. 

Composite scaffolds 20 containing bioactiva materials may be 
formulated by mixing one or more therapeutic agants with the «>olymer used to 
make ^ polymer phase 22, with the solvent, or with the polymer-sdvent mixture 
ihat is thon foamed via lyophilizatiDn. Alternatively, a therapeutic agent may ba 
coated on the composite scaffold 20 with a pharmaceutical^ acceptable carrier 
that does not dissolve the scaffold 20. The therapeutic agents, may ba a liquid, a 
finely dfvided aolid, or any other appropriate physical form. Typically, but optionally, 
the matrix will includo one or more additives, such as diluents, carriers, sxcipients, 



(© 1) )03-102755 (P2003-102755A) 



stabilizers or the like. The type of polymer and drug concentration car be varied 
to control the reloaae profile and the amount of drug dispensed. Upon contact 
with body fluids , the drug wili be released. If the drug is incorporated into the 
scaffold 20, then the drug released as it undergoes gradual degradation (mainly 
through hydrolysis}. This can result in prolonged delivery (ovist, say I to 5,000 
hours, preferably 2 to 000 hours) of affective amounts (say. 0.000 i mg/kg/hour to 

10 mg/kg/hour) of the drug. 

As outlined in Vacanti, U.S. Patent No. 0,770,417, cells can be 
harvested from a patient (hefore or during surgery td repair the tissue) and the 
colts can be processed under sterile conditions to [provide a specific cell type 
(i.e., pluripotent cells, stern calls, marrow cells, piogonitor human autologous 
adipose tissue (PHAAT) cells or precursor cells, such as, the mesenchymal stem 
calls described in Caplan, U.S. Patent No. 5,483,339). These cells, e.g., 
myocytes, adipocytes, fibromyoblasts, ectodermal ceil, musote cells, osteoblast 
(i.e. bona cells), chondrocyte (i.e. cartilage cells), endothelial cells, fibroblast 
pancreatic cells, hepatoeyte. bile duct cells, bone marrow eelle, neural cells, 
genitourinary calls (including nephritic ceils) and combinations thereof may be 
applied or seeded into the porous composite scaffold 20. Autogenous, 
allogeneic, xenogeneic cells may be used. The calls may be cultured ex viva 
and then reimplanted. Tissue may be harvested from a patient, processed to 
select certain cells and/or growth factors, such as P^P (platelet ricTi plasma), 
and then reirnplanied with the implant 10 back into the patient. The implanted 
oelis could also contain inserted DNA encoding a proiain that could stimulate the 
attachment, proliferation or differentiation of tissue. 

Cells may be implanted Into the scaffold 20 by placing the scaffold 
20 iii a cell culture such that the cells invade the micropores 23 and macropores 
25. The scaffold 20 can then be implanted into the patient. The In vitro seeding 
of cells could provide for a more rapid development and differentiation process 
for the tissue. It is clear that cellular differentiation and the creation of iissue 
specific extracellular matrix is critical for the tissue engineering of a functional 
implant. It is known thai different cell types (stromal eella and chondrocytes) can 
be cultured on different structures. A gradient structure aiso allows for co- 
cultured tissue scaffolds 20 to be generated. 
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One use of trie constaict described herein is for the repair and 
regeneration of articular cartilage. Articular cartilage is an example of a naturally 
occurring structure composed of four different zones that include the superficial 
or tangential zone within the first 10-20% of the structure (this includes the 
articular surface), the middle zone, which is 40-60% of the middle structure, the 
deep zone that is adjacent to the tide mark, and a transition zona between the 
bono and cartilage that is composed of caidfied cartilage- Subchondral bone is 
located adjacent to the tide mark and this transitions into cancellous bone. As 
described above, the present invention permits the fabrication of a scaffold, e.g., 
20 having multiple layers, each having its own characteristics of composition, 
porosity, strength, etc. Accordingly, the scaffold, es.g., 20 may act as a template 
for multiple distinct tissue zones as are present in articular cartilage. 

The surface porosity of the polymsr phase 22 can be controlled by 
various methods including providing a mold 52 therefore having a plurality of 
upstanding pins for piercing the surface during molding or subsequendy piercing 
the surface by needles, laser treatment, chemical treatment, etc., resulting in 
-surface porosity ranging fiom impervious to porous, and thereby determining 
fluid permaability. With regard to fabricating a scaffold 20 for repairing articular 
cartilage, the scaffold 20 may have threo zones, viz., a porous polymeric phase 
22 which lios adjacent to cartilage tissue, a porous caramic phase 24 which lies 
adjacent to bone tissue, and an interphase region 26. The polymer phase 22 
would have an upper surface (^kin), which may he provided with a porosity, e*g.. 
/5 to 150 pm to enable the passage of cells to promote in growth. For articular 
cartilage, the polymer phase 22 and ceramic phasa 24 in conjunction with the 
fixation component 30, will need to support mechanical loading and thereby 
protect the invading cells until they have differentiated and consolidated Into 
tissue that is capable of supporting a load. The polymer phase 22 may imve a 
porosity of about 80 to about 95 percent with Ljoras that aro of the order of 100 
ixm (about 80 ^m to about 120 nm). It is expected that chondrocytes wilt invade 
this zone. The ceramic phase 24 may have larger pores (about 250^m to about 
400 p/n} and a porosity in the ranga of about 50 to about 95 porcont which is 
structurally compatible with cancellous bone. The interphase region 29 
resembles the structural transition between cartilage and bone. 
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Several patents havs proposed systems for repairing cartilage thai 
could be used with porous scarfbidi of the present invention. For example, U.S. 
Patent No. 5,759,899 describes a device for repairing cartilage defects and U.S. 
Patent No. 5 t 713,374 t describes securing cartilage repair devices with bone 
anchors (both hereby incorporated herein by reference) 

The implant 10 described herein may be used for meniscal repair 
and regeneration, exhibiting biocompatibility, resistance to crumbling at the time 
of surgeiy, sufficient resistance to compression to allow cell invasion under load, 
and high porosity. The implant is easily sierilized, remodeled by Invading tissue, 
and degrades as new tissue is being formed. Furthermore, tha scaffold 
component 20 may be securely fixed to the site of injury via the fixation 
component 30. 

rhe implant 10 may have bi t tii-, or multi-layered scaffolds 20. 
These layers may be spaced at regular or irregular intervals and the polymeric 
phases may be reinforced with a number of reinforcements, with the fixation 
component 30 residing at any desired level within the scaffold 20. The 
reinforcements may be in fabric, truss, or particulate form and may ba placed at 
different heights, angles, conformations or gradients in the foam. Both the 
polymer 22 and ceramic 24 phases may have different porosities dapendlng on 
the application and may have open cell or closed ceil structures. 

The implant 10 may be affixed to the tissue to be repaired by 
inserting the po3t 34 into a suitably sized hole in the tissue* e.g.. bone. A fixative 
such as calcium phosphate or calcium sulfate cements, PMMA, fibrin glue, 
adhesh/as {Le. eyanoacrylates, butyl acrylates. etc.) may also be used to secure 
the implant 10. 

The following example is illustrative of tha principles and practice of 
this invention, although not limited thereto. Numerous additional embodiments 
within tho scope and spirit of the invention will become apparent to thosa skilled 
in the art. 

In the following example, the abbreviation PCL indicates 
polymerizod s-eaprolactone, PGA indicates polymerized glycoUde, and PLA 
indicates polymerized (L)lactide. Additionally, ths percentage in front of the 
copolymer indicates the laspactivo mole percentage of each phase. 
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Example 1 

This example describes the preparation of a composite scaffold 
with an integral fixation device. 

A solution of tho polymer to be lyophilized inio a foam was 
prepared, composed of a 95/5 weight rutio of 1 ,4-dioxane to 35/65 PCL/PGA. 
The polymer and solvent were placed into a flask which was placed Inio a water 
bath and heated to 70"C. The solution was heated and stirred for 5 hours. 
Afterwards, tiiG solution was filtered uaing an extraction thimble (extra coarse 
porosity, type A3TM 170-220(EG)) and storad in the flask. 

A ceramic tablet of porous hydrosyapatite (CERAbio, Preacott WI) 
was fabricated with the following dimensions: 7-mm outer diameter, 2 rnm inner 
diameter and 2 mm thicknoas. 

A bioabsorbable fixation component was manufactured using an 
Injection molding process. The design of the fixation component used is 
described in copending U.S. Patent Application Serial No. 09/793,029 enUtled, 
"Scaffold Fixation Dovice For Uso In Articular Cartilage Repair", which is 
incorporated hareln by reference, Tha polymer u^ed to manufacture the fixation 
components was a copolyms* of 85% PLA and 15% PGA (85/15 PLA/^GA) 
produced by Purac (Gorinehem, The Netherlands) with an I.V. of 1.79 dL/g as 
measured in chloroform. The injection moldar (Niigata NN35MI) had a barrel 
diameter of 18 mm. The hopper was fitted witEi a fiitrogen purge to keep the 
polymer dry, The feed, transition and compression zone temperatures were 
185°C, 185 W C and 191 - C, respectively. The die and mold temperatures were 
isrc and 24 B G, respectively. The maximum injection speed was 80 rnm/s. 
Under cylinder number two, the maximum injection pressure was 85 Kgf/cm^ 
The hold pressure was 70 Kgf/cm 2 . Th* total time for injection and hold was 3 
seconds and the cooling time at the end of hold eycie was 20 seconds. 

The fixation component proposed by the foregoing process was 
threaded through the 2 mm hole prefabricated in the ceramic tablet and 
suspended approximately 1.0-1.5 millimeters abovs the bottom surface of a 
mold as described in reference to Figure 5. 
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The previously prepared polymar solution was poured into the moid 
until it was filled. The scaffold support of the fixation device and the face of the 
ceramic disk contacting the scaffold support were submerged In the polymer 
solution with at least half the thickness of the ceramic disk submerged* 

A laboratory scale lyophilizer {Model Freeze Mobile G from Virtis 
Company (Gardiner, NY), wa^ used In this axampic. The moid assembly was 
placed on the shelf of the lyaphilizer (or freeze dryer) and t\m freeze dry 
sequence was executed. The freeze dry sequence used In this example was: 1} 
20°C for 15 minutes, 2) -5°C for 180 minutes. 3) -5°C for 180 minutes under 
vacuum 100 mT, 4) 5°G for 120minuteii under vacuum 100 mT, and 5) 20°C for 
120 minutes under vacuum 100 mT. As the solution in the mold freeze dried, the 
polymeric phase receded, leaving an interphase region of less than 200 microns 
of polymeric foam infilling thD porous ceramic. The scaffold support of the 
fixation device was embedded within the polymeric phase which was securely 
affixed to the ceramic phase. 
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4. Preferred aspects are provided as stated in the foliowings 

(1) The implant or Claim 1, wherein safd scaffold is a composite of a 
plurality of different inaterials disposed generally in layers and conjoined at an 
interface. 

(2) The implant erf aspactft), wherein a first material of said plurality of 
mateiials is a co ramie having a first plurality of pones and a second of said 
plurality of materials fs a polymer having a second plurality of pores, safd 
polymer attached to said ceramic at an interphase region, safd pofymer Infusad 
at least partially into said first plurality of pores in said interphase region. 

(3 ) The implant of aspect (2) , wherein a portion of said second plurality of 
pores communicate at least partially with said first plurality of pores in said 
interphase region. 

(4) The implant of a^oct©), wherein said oaramic has a hole therein, 
said anchoring post extending through said hale, said scaffold support abutting 
against said caramic proximate said hole, said scaffold support being larger than 
said hole, preventing said scaffold support from passing through said hole, said 
interphase region extending proximate to a periphery of ^sid scaffold support. 

(5) The implant of aspect (4), wherein said ceramic ha^ a countarsunk 
Rrea disposed about said hote r said scaffold support being at laaat partially 
contained within said countersunk area. 
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((5) The implant of aspect (5), wherein said scaffold support has at least 
one opening extending therethrough, said at feast one opening permitting said 
polymer to extend thereth rough. 

(7) The implant of aspect PO , further including a mochanlcal 
reinforcement omhodded in said polymer, -said mechanical reinforcement 
selected from the group consisting of films, scrims, woven textiles, non-woven 
textiles, knittod textiles, braided textiles and trusses. 

(8) The imjtfant of a^t© f further including fillers within said polymer 
selected from the group consisting of growth factors and therapeutic materials. 

(9) The implant of aspect G) f further Including living cells residing on a 
surface of said scaffold, 

(10) The implant of aspect®, wherein at least one of said polymer and 
said ceramic is biodegradable. 

( 1 1 ) Tie implant of aspect (2) t wherein said ceramic Is selected from the 
group consisting of hydroxyapatite, trlcaldum phosphate, tairacaleium 
phosphate, ftuoroapatite, magnesium calcium phosphate, calcium sulfate, 
calcium fluoride, calcium oxide and calcium carbonate. 

(12) Tno implant of aspect® f wherein said polymer is selected from the 
group consisting of collagen, elastin, hyaluronic acid, chitln and alginate. 

(13) Th3 implant of aspect (2), wherein said polymer is selected from the 
group consisting of aliphatic polyester homopolymars and aliphatic polyester 
copolymers. 

C i 4 ) The implant of aspect (13) , whoroin said polymer Is salaried from the 
group consisting of lactic acid, lactide mixtures of L-, D-, meso and D,L lactides. 
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glycolic acid, glycolide, apailon-caprolaetone, p-dioxanone (i,4-dioxarv2 one) 
and trimethylena carbonate (1,3-dioxan 2-one). 

(15) The implant of aspect®, wherein said polymer is an aliphatic 
polyester elastorneric copolymer. 

(16) The implant of aspect (is), wherein safef copolymer Is formed from 
epsllon-caproJactone and glycolide in a mole ratio of from about 35:65 to about 
65:35. 

(17) The implant of aspect (15), wherein said copolymar is formed from 
epsilon-oaprolactone and glycolide in a mole ratio of from about 45:55 to about 
35:65. 

(18) The implant of aspect (is), wherein said copolymer is fonrad from 
epsilon-oaprolactone and lactide seiacted from the group consisting of I .-lactide, 
D-lactide and lactic acid copolymers In a mole ratio of epsllon-caprolactone to 
lactide of from about 35:65 to about 65:35. 

(19) The implant of aspect (16):, wherein said copolymer is formed from 
epsilon-caprolactona and lactide selected from the group consisting of Wactido, 
D-lactide and lactic acid copolymers in a mole ratio of epstlon-caproiactone to 
lactide of from about 45:55 io about 30:70. 

(2 0) Ths implant of aspect (15) , wherein said copolymer is formed from 
epsilon-caprolactono and iactide selootad from the group consisting of L-laetide, 
D-lactide and lactic acid copolymers in a mole ratio of epsllcn-caprolactona to 
lactide of from about 95:5 to about 3b; 1 5. 
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(2 1) The method of Claim 2 , wiierein said atep of foaming by 
lyophfllzation, 

■ 

(22) The method of aspect (21) f wheroin said polymer solution is poured 
Into a mold with a hollow well and an Implant support overarching ihs well, and 
further comprising the step of suspandrng tho imolant from the implant support 
audi thai the subassembly Is submergad in the polymer solution to a selected 
level. 



6. Brief Description of the Drawings 

figure 1 !s a top perspective view of an implant in aecordanca with 
an exemplary embodiment of the present Invention. 

■ 

Figure 2 Is a Attorn perspective viaw of the implant of Figure 1 . 

Figure 3 Is a cross-sectional view of the implant of Figures 1 and 2. 

Figure 4 is a cross-sectiorial view like Figure 3 of an alternative 
oirftodiment of the present invention. 



Figure 5 is a diagrammatic Cross-sectional view of the implant of 
Figure 4 within a mold for fabricate »g th# implant. 
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1 . Abstract 

A prosthetic Implant having a tissue aesffold and a fixation device 
with a scaffold support and an anchoring post The anchoring post extends from 
a surface of the scaffold support at a selected angle with the scaffold support 
embedded wlihin the scaffold. The scaffold has a porous ceramic phase and a 
porous polymei phase. The polymer Is foamed while in solution that infused in 
the pores of the ceramic to create a interphase junction of interlocked porous 
maioriais and embedding the scaffold support portion of the fixation device. The 
preferred method for foaming is by lyophilization. The scaffold may bo infused oi 
coated with a variety of bioeotlve materials to induce iiigrowth or to release a 
medicament. Tha mutilayerad porous scaffold can mimic the morphology of an 
injured tissue junction with a gradient morphology and cell composition. 



2 . Representative Drawing 
Fig. 1 



